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Abstract 

This study determined the effects of fueoxanthin on gene expressions related to lipid metabolism in rats with a high-fat diet. Rats were fed 
with normal fat diet (NF, 7% fat) group, high fat diet group (HF, 20% fat), and high fat with 0.2% fueoxanthin diet group (FfF+Fxn) for 4 weeks. 
Body weight changes and lipid profiles in plasma, liver, and feces were determined. The mRNA expressions of transcriptional factors such as sterol 
regulatory element binding protein (SREBP)-lc, Carnitine palmitoyltransferase- 1 (CPT1), Cholesterol 7a-hydroxylasel (CYP7A1) as well as mRNA 
expression of several lipogenic enzymes were determined. Fueoxanthin supplements significantly increased plasma high density lipoprotein (F1DL) 
concentration (P < 0.05). The hepatic total lipids, total cholesterols, and triglycerides were significantly decreased while the fecal excretions of total 
lipids, cholesterol, and triglycerides were significantly increased in FIF+Fxn group (P < 0.05). The mRNA expression of hepatic Acetyl-CoA carboxylase 
(ACC), Fatty acid synthase (FAS), and Glucose-6-phosphate dehydrogenase (G6PDH) as well as SREBP-1C were significantly lower in HF+Fxn 
group compared to the HF group (P<0.05). The hepatic mRNA expression of Hydroxy-3-methylglutaryl coenzyme A (FfMG-CoA) and Acyl-CoA 
cholesterol acyltransferase (ACAT) were significantly low while lecithin-cholesterol acyltransferase (LCAT) was significantly high in the FfF+Fxn 
group (P < 0.05). There was significant increase in mRNA expression of CPT1 and CYP7A1 in the FIF+Fxn group, compared to the FIF group 
(P<0.05). In conclusion, consumption of fueoxanthin is thought to be effective in improving lipid and cholesterol metabolism in rats with a high 
fat diet. 
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Introduction 

Excessive consumption of high-fat diet alters lipid metabolism 
stimulating {3-oxidation of fatty acid, leading to an overall 
increase in hepatic free fatty acid, causing the development of 
nonalcoholic fatty liver disease (NAFLD) [1,2]. NAFLD affects 
approximately 20-30% of the population in developed countries 
and is a common finding in patients with metabolic syndrome 
[3]. 

Fueoxanthin is one of the most abundant carotenoids, and 
contributes more than 10% of the estimated total production of 
carotenoids in nature, especially in the marine environment [4]. 
Fueoxanthin is an orange-colored pigment and has an unusual 
allenic bonds which gives unique properties [5-7]. Some non- 
allelic carotenoids, such as lutein, lutein epoxide, and J3-carotene 
5,6-epoxide, were found to not exhibit the suppressive effect 
of fat accumulation in adipose tissue or in liver, indicating that 
the allene bond of fueoxanthin and its metabolites might be 
important for the inhibition of fat deposit [8,9]. It was found 
that fueoxanthin significantly reduced plasma and hepatic 
triglyceride concentrations and cholesterol-regulating enzyme 
activities, and fecal triglyceride and cholesterol [10-16], as well 



as fatty acid oxidation enzyme activity in epididymal white 
adipose tissue of mice [6,11]. 

The potential lipid lowering effect might be mediated by 
down-regulating various lipogenic enzyme activities and up- 
regulating fatty acid {3-oxidation activity suggesting that fueox- 
anthin might act as a regulator of lipid metabolism in fat tissues. 
Fatty acid biosynthesis is divided into two steps. First step 
involves the carboxylation of acetyl CoA into malonyl CoA by 
Acetyl-CoA carboxylase. The second step is the elongation 
process into long-chain fatty acid catalyzed by fatty acid synthase 
[17]. In cholestrol metabolism, HMG-CoA is an important 
enzyme that regulates cholesterol synthesis and decline in this 
enzymatic activity decreases cholesterol levels both in the plasma 
and liver. Another important step in cholesterol metabolism is 
the conversion of cholesterol into bile acid through cytochrome 
P450-meidiated oxidation. Cytochrome P450 7A1 (CYP7A1) is 
the rate-limiting enzyme for the dominant pathway of bile acid 
synthesis from cholesterol [18]. Although several studies focused 
on lipid lowering functions of fueoxanthin [10-16], the effect 
of fueoxanthin on mRNA expression of transcriptional factors 
and enzymes related with lipid or cholesterol-lowering enzymes 
in liver have been poorly clarified. Hence this study sought to 
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investigate the effects of fucoxanthin on gene expressions related 
to lipid and cholesterol metabolism in rats with a high fat diet. 

Materials and Methods 

Animals and diets 

Four week old male Sprague-Dawley (Central Lab. Animal 
Inc., Seoul, Korea) rats were maintained on a conventional diet 
for 3 days and then divided into two groups using a randomized 
block design according to weight. Rats were fed with either 
normal fat diet or high fat diet for 1 week. A normal fat (NF) 
diet contained 7% fat (soybean oil) and the high fat (HF) diet 
consisted of 20% fat (13% lard and 7% soybean oil). After 1 
week, rats of high fat diet group were divided into two groups: 
high fat diet only (HF diet) and high fat diet with 0.2% fucox- 
anthin (HF+Fxn diet). Rats were maintained NF diet, FTP diet, 
and FIF+Fxn diet for additional 4 weeks. Fucoxanthin powder 
extracted from dried seaweed (Undaria pinnatifida) was pur- 
chased from Amicogen (Amicogen Inc, Jinju, Korea) and the 
fucoxanthin powder mainly consisted of glycolipids containing 
5% fucoxanthin. The composition (g/kg diet) of the diets is 
shown in Table 1. Rats were maintained individually in cages 
with wire-mesh bottoms in conditioned rooms (temperature, 23 °C 



Table 1. Compositions of the diet (g/kg diet) 



Ingredients 


NF ' 


HF 


HF+Fxn 


Corn Starch 


529.5 


389.5 


349.5 


Sucrose 


100 


100 


100 


Cellulose 


50 


50 


50 


Casein 


200 


200 


200 


Soybean oil 


70 


70 


70 


Lard 


0 


130 


130 


Mineral mixture 2 ' 


35 


35 


35 


Vitamin mixture 3 ' 


10 


10 


10 


Choline 


2.5 


2.5 


2.5 


Cholesterol 




10 


10 


tert-Butylhydroquinone 


0.014 


0.014 


0.014 


L-Cystein 


3 


3 


3 


Fucoxanthin powder* 






40 


Total(g) 


1,000 


1,000 


1,000 



NF; normal fat diet, HF; high fat diet, HF + Fxn; high fat diet + 0.2% fucoxanthin 
(•Fucoxanthin powder contained 5% fucoxanthin extracted from seaweeds) 
Mineral mixture (per kg): Calcium carbonate anhydrous, 357 g; Potassium 
phosphate monobasic, 196 g; Potassium citrate tripotassium monohydrate, 70.78 
g; Potassium sulfate Sodium chloride, 74 g: Magnesium oxide, 24 g; Ferric citrate, 
6.06 g; Zinc carbonate, 1.65 g; Sodium meta-silicate, 1.45 g; Manganous 
carbonate, 0.63 g; Cupric carbonate, 0.30 g; Chromium potassium sulfate, 0.275 
g; Boric acid, 81.5 mg; Sodium fluoride, 63.5 mg; Nickel carbonate, 31.8 mg; 
Lithium chloride, 17.4 mg; Sodium selenate anhydrous, 10.25 mg; Potassium 
iodate, 10.0 mg; Ammonium paramolybdate, 6.66 mg; Powdered sucrose, 
221 .026 g 

Vitamin mixture (per kg): Nicotinic acid, 3.0 g; Ca Pantothenate, 1 .6 g; Pyridoxine 
HCI, 0.7 g; Thiamin HCI, 0.6 g; Riboflavin, 0.6 g; Folic acid, 0.2 g; Biotin, 0.02 
g; Vitamin B12, 2.5 g; Vitamin E, 15.0 g;Vitamin A, 0.8 g;Vitamin D 3 , 0.25 g;Vitamin 
K-1, 0.075 g; Powdered sucrose, 974.655 g 



relative humidity, 55%). All animal studies were conducted in 
accordance with the Dankook University ethics committee 
guidelines for the care and use of laboratory animals (approval 
code: 12-004). 

Sample preparations of plasma, liver and feces 

The rats were anesthetized with ethyl ether and dissected. 
Blood was collected from the heart with heparinized syringe. The 
plasma from the blood was collected by centrifugation at 4,000 
x g for 30 min after allowing the blood to settle for 30 min 
at 4°C. The plasma was then stored at -70 °C. The liver was 
removed and the wet weights were measured [19]. The livers 
were stored at -70 °C for lipid analysis. Stool samples were 
individually collected twice over 24 hr and completely dried by 
heating at 105 °C. 

Lipid measurements in plasma, liver and feces 

Plasma total lipids were determined as described by Frings 
and Dunn [20], with slight modifications. Plasma total cholesterol 
and triacylglycerol were measured enzymatically using a 
commercial kit (Asan Pharmaceutical Co., Seoul, Korea). Total 
lipids in the liver and feces were extracted with chroloform: 
methanol (2:l,v/v) using a modified method described by Folch 
et al. [21]. After extraction, total lipid, triaclyglycerols, and 
cholesterol were measured with the same methods used for 
plasma lipid determination. 

Total RNA isolation 

Total liver RNA was isolated using TRI-reagent (Sigma aldrich, 
MO, USA) according to the manufacturer's protocol [19]. Liver 
samples (0.2 g) were homogenized in 1 mL TRI Reagent, and 
then stored the homogenate for 5 min at room temperature to 
permit the complete dissociation of nucleoprotein complexes. The 
homogenate was mixed with 200 pL chloroform (Sigma aldrich, 
MO, USA), shacked vigorously, stored for 10 min, and centri- 
fuged at 12,000 g for 10 min. After transferring the supernatant, 
500 pL of isopropanol were added, stored at room temperature 
for 5 min, and then centrifuged at 12,000 g for 10 min at 4°C. 

After removing the supernatant, the RNA pellet was washed 
with 75% ethanol following by subsequent centrifugation at 7,500 
g for 5 min at 4°C. After removing the ethanol wash, samples 
were dried thoroughly and then dissolved RNA in 50 uL 
RNase-free dFFiO/O.l mmol/L EDTA through a pipette tip. The 
purity of each RNA preparation was evaluated by the ratio of 
the absorbance at 260 nm to that at 280 nm. The final preparation 
of total RNA is essentially free of DNA and proteins and has 
a 260/280 ratio 1.7-2.0. 
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Reverse Transcription (RT) 

cDNA was synthesized using 3 ug of total RNA with Super 
Script II reverse transcriptase (Invitrogen, CA, USA). In 1.5 mL 
tubes, 3 ug total RNA from sample and 1 pL of oligo DT (0.5 
pg/pL, Invitrogen, CA, USA) were added to bring the final 
volume to 12 uL with Depc water, fllowed by incubating 70 °C for 
10 min [22]. A reaction buffer (First strand Buffer 4 uL, 0.1 mol/L 
DTT 2 pL, 10 mmol/L NTP 1 uL) was added into the mixture 
and incubated at 42 °C for 5 min. After incubating, 0.5 uL 
superscript II reverse transcriptase (Invitrogen, CA, USA) was 
added and incubated at 42 °C for 100 min. and 70 °C for 15 min. 
Rnase Depc water, 80 pL, was finally added into mixture and 
storing at -20 °C until subsequent analysis. 

Realtime PCR 

Real-time detection PCR was performed by the modified 
method recently described in detail [22,23]. The prepared cDNA 
sample, 2 uL, were mixed with SYBR green Master mix (Applied 
biosystems, CA, USA), 10 pL, sense/antisense primer (Table 2), 
1 pL each, and DEPC water 6 pL. The initial activation of the 
primer at 95 °C for 10 min was followed by 40 cycles of 95 °C 
for 15 min and 60 °C for 1 min. Expression of mRNA was carried 
out with an Applied Biosystems StepOne Plus RT-PCR system 
(Applied biosystems, CA, USA). Fold difference for gene 
expression was calculated using 2-AA. CT using the endogenous 
control gene. 



Table 2. Primer sequences used for realtime PCR 



Protein 


Primer 


Sequence 


P-actin 


Sense 


5-AGG TCA TCA CTA TCG GCA AT-3 




Antisense 


5-ACT CAT CGT ACT CCT GCT TG-3 


ACC 


Sense 


5-CAA CGC CTT CAC ACC ACC TT-3 




Antisense 


5-AGC CCA TTA CTT CAT CAA AGA TCC T-3 


FAS 


Sense 


5'-TGC TCC CAG CTG CAG -3' 




Antisense 


5'-GCC CGG TAG CTC TGG GTG TA-3' 


G6PDH 


Sense 


5-GTT TGG CAG CGG CAA CTA A-3 




Antisense 


5-GGC ATC ACC CTG GTA CAA CTC-3 


SREBP-1C 


Sense 


5- GGAG CCAT GGAT TGCA CATT-3 




Antisense 


5- AGGA AGGC TTCC AGAG AGGA-3 


CPT1 


Sense 


5'-GTGC TGGA GGTG GCTT TGGT-3' 




Antisense 


5'-TGCT TGAC GGAT GTGG TTCC-3' 


ACAT 


Sense 


5-GCT GAA GTG AAC TAC CCC TT-3 




Antisense 


5-GAG CCA TGC CTC TAG TAC CT-3 


HMG-CoA 


Sense 


5-CTT GAC GCT CTG GTG GAA TG-3 




Antisense 


5-AGT TGG AAG CAC GGA CATA -3 


CYP7A1 


Sense 


5-ATG ACC TGC CGG TAC TAG ACA-3 




Antisense 


5- TGA AGT CCT CCT TAG CTG TGC-3 



T, Thymine; A, Adenin; C, Cytosine; G, Guanine 



Statistical analysis 

The statistical analysis was performed using Statistical Analysis 
System (SAS Institute, Cary, NC, USA). Data are expressed as 



mean with standard deviation, and statistically significant diff- 
erences among groups were evaluated using one way-ANOVA 
(analysis of variance). Statistically significant differences among 
the means of groups were tested at a = 0.05 using Duncan's 
multiple range tests. 

Results 

Body weight changes after fucoxanthin supplementation 

Although the mean weight gain of high fat diet with fucoxanthin 
group (209.9 ± 8.8 g) was lower than that of the high fat diet 
only group (215.2 ±9.7 g), no significant differences in weight 
gain were observed between two groups (Fig. 1). There is a trend 
showing rats feeding fucoxanthin maintained their weight just 
like rats with normal fat diet and lower weight than weights of 
rats with high fat diet. 







1 
















Initial 1 week 2 week 3 week 4 week 5 week 



Fig. 1. Changes of body weight in the rats 

Lipid concentrations in plasma, liver and feces 

The effects of fucoxanthin on lipid concentrations in plasma, 
liver, and feces are shown in Table 3. Fucoxanthin supplements 

Table 3. Lipid concentrations of plasma, liver, and feces in rats fed with 
experimental diets 

Parameter NF 1) HF HF+Fxn 



Plasma (mg/100 mL) 



Total lipid 


194.1 ±24.3 2) ' 3)b 


296.3 ± 23.5 a 


301.9±45.1 a 


Cholesterol 


66.17 ±18.6" 


79.07 ±14.4 a 


83.66±21.1 a 


Tryglyceride 


97.3±21.8 b 


84.1 ± 13.3a 


64.7 ± 28.7 a 


HDL-Cholesterol 


21.2 + 4.4" 


12.9±4.1 a 


20.4 ± 6.7° 


Liver (mg/g wet liver) 








Total lipid 


34.7 ±11.7° 


139.4±29.3 a 


80.2 ± 20.0° 


Cholesterol 


8.0 ±1.2° 


49 ± 8.7 a 


26.7 ± 8.5° 


Triglyceride 


36±11.0 b 


72.2±14.7 a 


43.2 ±11.4° 


Feces (mg/g dry feces) 








Total lipid 


12.7 ±2.1 c 


33.1 ±8.1 a 


40.9 ±5.2° 


Cholesterol 


3.7 ± 0.2 C 


25.9 ± 8. 1 a 


33.4 ± 3.5° 


Tryglyceride 


2.5±0.83 b 


4.5 ± 1.0° 


10.6 ±5.3° 



1 NF, normal fat; HF, high fat; HF+Fxn, high fat with 0.2% fucoxanthin 
21 Mean ± SD 

3) The significant was determined by Duncan' s multiple range test at a = 0.05. 
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significantly increased plasma HDL concentration when it 
compared to that of high fat only diet (12.9 ±4.1 mg/100 mL 
in HF group, 20.4 ± 6.7 mg/100 mL in HF+Fxn group, P< 0.05). 
Although plasma triglyceride concentration with fucoxanthin 
supplements (86.2 ±5.1 mg/100 mL) was decreased, compared 
with the HF group (98.3 ± 9.3 mg/100 mL), no statistical signifi- 
cance was shown. No significant changes in total lipids or choles- 
terol concentrations were observed between HF group and F£F± 
Fxn group. 

The hepatic total lipid was significantly decreased in the 
HF±Fxn group (139.4 ±9.3 mg/g), when it compared with HF 
group (80.2 ±7.1 mg/g) (P<0.05). Hepatic cholesterols and 
triglycerides were also significantly lower in the HF±Fxn group 
than in the FfF group (P < 0.05). The fecal triglyceride contents 
(10.6 ± 5.8 mg/g) were significantly higher in the HF±Fxn group 
than in HF group (4.5 ±1.0 mg/g) (P< 0.05). The concentration 
of fecal cholesterol and total lipids were also significantly 
increased when fucoxanthin was added in high fat diet (P<0.05). 

mRNA expression of transcription factors and enzymes related 
to lipid metabolism 

When the rats were fed with high fat diet, the mRNA expre- 
ssion of hepatic SREBP-lc, ACC, FAS, and G6PDH were 
significantly increased, compared to NF group (P < 0.05). The 
mRNA expression of hepatic SREBP-lc, ACC, FAS, and 
G6PDH were significantly lower in the HF±Fxn group compared 
to the HF group (P < 0.05) (Fig. 2). In the livers of rats with 
a high fat diet, the mRNA expressions of CPT1 were significantly 
decreased, compared to the NF group (P<0.05) (Fig. 3). The 
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HMG-COA ACAT LCAT 

Fig. 2. Effect of fucoxanthin on mRNA expression of transcription factor and 
enzymes related to lipid metabolism in the liver of rats. Total RNA was isolated 
using TRI-reagenet and cDNA was synthesized using 3 yg of total RNA with 
Superscript n reverse transcriptase. Realtime PCR was performed using SYBR 
green and standard procedures to assess the mRNA expression of primer in liver 
samples obtained from each group. An Applied Biosystem StepOne softwere v2.1 
was used. Each bar represents the mean ± SD of three independent experiments. 
Different letters above each bar indicate significant differences among groups at 
a = 0.05 as determined by Duncan's multiple range test. SREBP-1C, Sterol 
regulatory element binding protein; G6PDH, Glucose-6-phosphate dehydrogenase; 
FAS, Fatty acid synthase; ACC, Acetyl-CoA carboxylase. 




NF HF HF+Fxn 



Fig. 3. Effect of fucoxanthin on mRNA expression of CPT1 in the liver of rats. 

Total RNA was isolated using TRI-reagenet and cDNA was synthesized using 3 
pg of total RNA with Superscript II reverse transcriptase. Realtime PCR was 
performed using SYBR green and standard procedures to assess the mRNA 
expression of primer in liver samples obtained from each group. An Applied 
Biosystem StepOne softwere v2.1 was used. Each bar represents the mean ± SD 
of three independent experiments. Different letters above each bar indicate 
significant differences among groups at a = 0.05 as determined by Duncan's 
multiple range test. CPT1, Carnitine palmitoyltransferase-1 . 



a 




SREBP-1C G6PDH FAS ACC 

Fig. 4. Effect of fucoxanthin on mRNA expression of enzymes related to 
cholesterol synthesis in the liver of rats. Total RNA was isolated using 
TRI-reagenet and cDNA was synthesized using 3 yg of total RNA with Superscript 
II reverse transcriptase. Realtime PCR was performed using SYBR green and 
standard procedures to assess the mRNA expression of primer in liver samples 
obtained from each group. An Applied Biosystem StepOne softwere v2.1 was used. 
Each bar represents the mean + SD of three independent experiments. Different 
letters above each bar indicate significant differences among groups at a = 0.05 
as determined by Duncan's multiple range test. HMG-CoA, Hydroxy-3- 
methylglutaryl coenzyme A; ACAT, Acyl-CoA cholesterol acyltransferase; LCAT, 
lecithin-cholesterol acyltransferase. 

relative mRNA expression of hepatic CPT1 in HF±Fxn group 
was significantly higher than that in the FfF group (P < 0.05). 

The mRNA expression of hepatic HMG-CoA and ACAT in 
FfF group was significantly increased (P < 0.05) while LCAT was 
significantly decreased (P < 0.05), compared to NF group (Fig. 
4). The hepatic mRNA expression of HMG-CoA and ACAT in 
HF±Fxn group was significantly lower than those in HF group 
(P < 0.05). The mRNA expression of LCAT was the highest in 
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Fig. 5. Effect of fucoxanthin on the mRNA expression of CYP7A1 in the liver 
of rats. Total RNA was isolated using TRI-reagenet and cDNA was synthesized 
using 3 yg of total RNA with Superscript II reverse transcriptase. Realtime PCR 
was performed using SYBR green and standard procedures to assess the mRNA 
expression of primer in liver samples obtained from each group. An Applied 
Biosystem StepOne softwere v2.1 was used. Each bar represents the mean ± SD 
of three independent experiments. Different letters above each bar indicate 
significant differences among groups at a = 0.05 as determined by Duncan's 
multiple range test. CYP7A1, Cholesterol 7a-hydroxylase1 . 

HF+Fxn group (P < 0.05). The mRNA expression of CYP7A1 
in high fat fed rats was significantly decreased, compared to NF 
group (P<0.05) (Fig. 5). There was significant increase in 
mRNA expression of CYP7A1 in HF+Fxn group compared to 
HF group (P < 0.05). 



Discussion 

Recently, lipid-lowering functions of fucoxanthin in the body 
have been paid much attention. However, the mechanisms 
responsible for lipid-lowering actions of fucoxanthin on liver are 
poorly understood. This study used 0.2% fucoxantin as dietary 
supplements in high fat fed rats, and that fucoxanthin was 
extracted from Undaria pinnatifida, brown seaweed, which is a 
commonly used food in Asia and it is well known as major 
fucoxanthin sources [4,5]. 

In this study, fucoxanthin supplementation (0.2%) in rats fed 
high fat diet was effective in decreasing liver triglyceride and 
total cholesterol, and in increasing fecal excretions of those lipids. 
This study observed a decline in the mRNA expressions of 
lipogenic enzymes such as ACC, FAS, and G6PDH in high fat 
with fucoxanthin group. A significant decrease in the transcri- 
ptional factor of SREBP-lc expression with fucoxanthin supple- 
ment was also found in this study. Therefore, lowered hepatic 
triglyceride and cholesterol levels after fucoxanthin supplemen- 
tation in high fat fed rats seemed to be related with decreased 
transcriptional factor, SREBPl-c, which inhibits, in turn, gene 
expressions of lipogenic enzymes such as ACC, FAS, and G6PDH, 
thus resulting in inhibiting accumulation of triglycerides or 
cholesterol in liver. Lipid biosynthesis usually occurs in hepatic 
tissue and typically involves the following lipogenic enzymes: 
ACC, FAS, G6PDH, and ME [22]. In this process, SREBP-lc 
functions as an important transcriptional factor that mediates 



insulin function and activates fatty acid and cholesterol biosyn- 
thesis pathways [23,24]. It is believed that SREBP-lc greatly 
increase the expression of genes related with lipogenic pathway 
in liver [25,26]. Jeon's study [13] showed that supplementation 
with both doses of fucoxanthin extracts (0.05% or 0.2%) in high 
fat fed rats significantly reduced body weight and plasma and 
hepatic triglyceride, and/or cholesterol concentrations. Other 
studies reported that fucoxanthin lowered serum or hepatic lipids 
concentrations or lowered lipogenic enzyme activities [10,12, 
13,17], but this is the first study to see the effect of fucoxanthin 
on mRNA expression of transcriptional factor, SREBP-lc and 
lipogenic enzymes such as ACC, FAS, and G6PDH in the liver 
of rats fed high fat diets. 

This study also showed that supplementation of fucoxanthin 
with high fat diet significantly increased fecal excretions of 
triglyceride and cholestrol. This result is consistent to Woo et 
al.'s findings [16] that fucoxanthin increased fecal weights and 
fats in C57BL/6N mice, and other's findings suggesting carote- 
noids increases fecal excretion fat and cholesterol [27,28]. Those 
findings suggested that the hypolipidemic effect of carotenoids 
was resulted from inhibiting pancreatic lipase's activity, leading 
to the malabsorption of fat and cholesterol. Thus, this study 
suggests that lowered hepatic lipids levels after feeding fucox- 
anthin in high fat diet is related with the increased fecal excretion 
of triglycerides or cholesterol, in addition to deceased de novo 
lipogenesis in liver by the action of SREBP-lc. 

In this study, fucoxanthin supplement (0.2%) led to increase 
CPT1 expression in the fucoxanthin supplemented group than 
the high-fat diet group. Since CPT1 mediates the transport of 
acyl-CoA across the membrane and stimulates the oxidation of 
long chain fatty acids [12], it can be suggested that fucoxanthin 
exhibited hepatic lipid -lowering property which may be also 
partly mediated via increase of hepatic CPT1 expression. Hu et 
al. [15] also reported that fucoxanthin with conjugated linoleic 
acid was significantly increased mRNA expression of CPT1A 
in peripheral white adipose tissue of rat. In Park's study [10], 
supplementation of the 0.69% Undaria pinnatifida ethanol extract 
(which is equal amount of 0.02% pure fucoxanthin (w/w)) in 
rats stimulated the fatty acid oxidation activity resulting in a 
decrease in the hepatic lipid droplet accumulation. 

To understand how hepatic cholesterol content decreased by 
fucoxanthin, the genetic expression of cholesterol metabolism 
regulating enzymes, such as HMG-CoA reductase ACAT, and 
LCAT as well as transcription factor, CYP7A1, were determined 
in this study. In this study, the mRNA expression of enzymes 
involved in cholesterol synthesis, such as HMG-CoA reductase, 
ACAT, and LCAT, tended to be higher in the high fat with 
fucoxanthin-fed rats. The HMG-CoA reductase is an important 
enzyme that regulates cholesterol synthesis and ACAT and LCAT 
catalyzes esterification of free cholesterol into cholesterol ester 
(CE), involving in cholesterol absorption in the intestines and 
lipoprotein production in the liver [29]. Therefore, the demons- 
trated effect of fucoxanthin in this study is ultimately thought 
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to reduce hepatic cholesterol levels. Woo et al. [16] also reported 
that fucoxanthin (0.2% in diet) inhibit several enzyme's activity 
such as hepatic HMG-CoA reductase or ACAT activity in 
C57BL/6N mice fed a high-fat diet. 

Human CYP7A1 gene defect can cause cholesterol accumula- 
tion in the liver, which has been associated with hypercholes- 
terolemia [30]. This study observed a significant increase in 
CYP7A1 expression in the fucoxanthin group than the high-fat 
diet group. This result indicates that fucoxanthin consumption 
increases CYP7A1 expression in liver which in turn increased 
fecal excretion of cholesterol or bile and thus reducing cholesterol 
accumulation in liver. 

In conclusion, data from this study indicate that fucoxanthin 
consumption decreases lipid accumulation in the liver of rats with 
a high fat diet. Its consumption also proved to suppress mRNA 
expression of transcription factors and enzymes that participate 
in hepatic lipogenesis. Furthermore, data showed that the 
consumption increased expression of enzymes that stimulate fatty 
acid oxidation and decreased expression of cholesterol synthesi- 
zing enzyme. Therefore, consumption of fucoxanthin is thought 
to be effective in improving lipid metabolism in rats with a high 
fat diet. 
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